INTRODUCI'ION
s-Triazine derivatives are important compounds in agriculture and industry because of their herbicidal properties. These compounds are 1,3,5triazipes substituted in positions 2, 4 and 6. Most properties of the s-triazine derivatives are determined by the substituents; the ring itself is not involved except for its effect on the charge distribution.
The character of s-triazines is determined primarily by the substitltent in position 2, commonly chlorine (the commercial name ends with -azine), metboxy (ending in -tone) or thiomethyl (ending in -tryne). Positions 4 and 6 are usually substituted by various alkylamino groups.
The physico-chemical properties of s-triazines are very variable, even within the restricted group Gf the commercially available derivatives. The striazines are weak bases, their pK,, values rangin, = from 1.65 for simazine to 4.46 for terbutone. The dissociation constant is strGngIy affected by the substituent in position 2. The basicity increases in the order Cl < SCH, < OCH,. The groups in positions 4 and 6 have smaller but still pronounced effects on the basicity of s-triazines: the greater the number of ethyl groups 'in place of hydrogen atoms, the more basic are the compounds. Different properties of s-triazines are reflected in both their biological and chromatographic behaviour. The availability of a wide range of derivatives offers a great opportunity to study extensively the relationships between the structure and the chromatographic, spectrometric, electrochemical and mass spectrometric behaviour.
Gas chromatography has become the prevailing method for the analysis of s-triazines1-'8. Most of the papers published to date deal with the application of gas chromatography for the determination of residues in soil, grain, etc.3*4*6-8*11-1J. In this work the gas chromatographic and mass spectrometric behaviour of s-triazine derivatives has been studied and the structural correlations are discussed_ EXPERIMENTAL All s-triazines studied were products of Ciba-Geigy (Basle, Switzerland) and are listed in Table I .
The following stationary phases and column packings for gas chromatography were used: XE-60 (Applied Science Labs., State College, Pa., U.S.A.); SE-30 and Carbowax 20M (Carlo Erba, Milan, Italy): Reoplex 400 and Versamid 900 (Hewlett-Packard, Avondale, Pa., U.S.A.):
Chromaton N-AW, 60-50 mesh (Lachema, Brno, Czechoslovakia); Chromosorb W, silanized, 60-80 mesh (Carlo Erba). Other chemicals used included the following: CZZ-C,s n-alkanes (Applied Science Labs.): sodium hydroxide, p-a., without glycerol (Lachema); perchloric acid, p-a_, 70 % (Carlo Erba); buffers pH 4.00 and pH 7.02 (Radiometer, Copenhagen, Denmark)_ As reagent gases for Chemical-iGniZatiGn mass spectrometry, methane of 99.995",6 purity (code N45) and isobutane of 99.95% purity (code CH35) were obtained from L'Air Liquide (Liege, Belgium). For pH measurements a PHM 64 pH meter (Radiometer) was employed.
Gas ci~ronzatograpiz~
The measurements were carried out on a Hewlett-Packard (Palo Alto, Calif., U.S.A.) Model 5700 gas chromatograph equipped with a Aame-ionization detector_ Stainless-steel columns (140 cm x 3 mm I.D.) were used.
Column A was packed with 37/, Carbowax 20M on Chromosorb W, column B with 5 y/, XE-60 on Chromaton N-AW, column C with 5 T< Versamid 900 on Chromosorb W, and column D \vith 5 T/i SE-30 +-2 76 Reoplex 400 on Chromosorb W.
Nitrogen was used as the carrier gas at a flow-rate of 40 ml/min. Columns E, C and D were operated isothermally at 195" and column A at 215". The injection block temperature was maintained at 230". The detector temperature was 210" (column B, C and D) and 230" (column A). 
UV spectrophotometr)
For the measurement of dissociation constants the procedure of Albert and
Serjeantf9 was adopted. The measurements were carried out on a Specord UV VIS spectrophotometer (Carl Zeiss, Jena, G-D-R.).
Mass spectrometry
Electron-impact (EI) mass spectra were obtained on an AEI MS-12 singlefocusing magnetic sector instrument (AEI, Manchester, Great Britain) under the following conditions: electron ener,y, 70 eV; electron current, 0.50 mA; ion accelerating voltage, 4 kV; scan time, 2 set per decade; source temperature, 250".
Chemical-ionization (CI) mass spectra were produced with a Model 4000 (Finnigan, Sunnyvale, Calif., U.S.A.) quadrupole instrument under the following conditions: electron energy, 25-40 eV; electron current, 0.20 mA; scan time, 1 set per scan; source temperature, 250" (methane) and' lSOc (isobutane). The ion source pressure was maintained at 0.15 Torr gauge reading.. Samples Lvere always introduced through a direct introduction probe and heated to 250'. The spectra given were obtained at probe temperatures of 40-120'.
RESULTS AND DISCUSSION
The retention indices (I) on four stationary phases were measured (Table 11 ). Some of the results has been already publishedt6. The polarity of the stationary phases used is given by the McReynolds constantGo. The most polar stationary phase, Carbowax LOM (Z1= 2308), is best suited for the separation of triazines. The other three liquid stationary phases, XE-60 (r1= 1785), Versamid 900 (n = 969) and the mixed phase SE-30 f Reoplex 400 (5 :2) (.Z1= 940), can also be used for the analysis of s-triazines. The chromatographic data depend primarily on the nature of the substituent in position 2. The order of elution is first methoxy, then chloro and finally thiomethyl derivatives_ In a series of s-triazines with the same substituent in position 2, the retention order is chiefly influenced by the spatial shielding of the substituted NH groups in positions 4 and 6 (see Table II ). The weakest shielding, causing the longest retention, is exerted by the ethyl group, the strongest by the terr.-butyl group and isopropyl lies in between.
The retention data for the s-triazines are influenced by their basic character_ In order to complete the list of pK, data given in the literature", we measured 22 the dissociation constants of s-triazines by UV spectrophotometry according to Albert and Serjeant19. The results are given in Table II . The differences between Cl, OCH3 and SCH, derivatives can be attributed to the activating mesomeric effect of the methoxy and thiomethyl groups and the deactivating inductive effects of the chlorine atom.
XE-60 seems to be the most suitable liquid stationary phase for structural correlations.
The differences in the basicity of the compounds contribute to the higher retention indices of terbutylazine and terbutryne on XE-60 in comparison with atrazine and ametryne, and to their poor separation.
The differences between the retention indices on XE-60 and on the mixed phase SE30/Reoplex 400 can be correlated with pK, values and dipole moments. As can be seen from Table III, the ilIvaIues are proportional to pK,. Data on dipole moments are scarce in the literature".
The correlations between dl and the dipole moments can be performed only in the series propazine, prometryne and prometone, and for atrazine and ametryne. It follows (Table IV ) that dl is proportional to the dipole moments. 
Mass spectrometry
Electron-impact spectra. The positive ion electron-impact (EI) mass spectra of the di(monoalkylamino)-s-triazine derivatives 2-17 are summarized in Table V . From these spectra a fragmentation scheme was deduced (Scheme 1).
(fj ( Only prominent peaks from the monoisotopic mass spectra are listed in Table  V , and c loses R,H to some extent (iess than 5% relative to these peaks). c loses CN-readily (up to 35% for chloro-, less than 10% for methoxy-and methylthiotriazines).
In most spectra, the peaks corresponding in mass to d- 15 Because sec.-bumetone (compound 22) fragments similarly on electron impact, this derivative is included in Table VI . However, its fragmentation also exhibits the pathways proposed in Scheme 1. Molecular ions M'* also lose R,*, yielding ions with an abundance of 5-10% of M +-_ In the spectra of diethylaminotriazines 19, 20 and 21, the following peaks in the low mass region were not included in 28-43 5; and nz/z 41, 7-28 %. The elemental composition of t-he latter ions is presumably the same as that described earlier for di(monoalkylamino) compounds. All of these ions bvere far less abundant in the spectrum of sec.-bumetone (less than 4 %, except nz/z 68, 8 % and nr/z 43, 11%).
Important peaks not included in
The spectrum of sec.-bumetone does not show a peak corrresponding to ion II from Scheme 2 [Mi. --C,H, -(R2 -H-)] but rather to M+= -(R, -H) at 1 a-m-u. higher (6,, Scheme 1). ' Coincident with MH' -C,H,.
l -MH* -C,H,. -*-MH+ -C,Hg.
20s I
Ions q, r, u and IV are presumably identical with the corresponding ions M+* -H., n, b -H and c from Scheme 1. Metastable peaks were observed for several transitions, as indicated in Scheme 2. The main fragmentation process is the Ioss of C,H, from M'-, yielding the base peak in all instances_ A comparison of the spectra of triazines 21, 20 (Table VI) and 7 (Table V) shows that the abundance of the molecular ions decreases with increasing number of ethyl substituents.
In other words, simazine is more stable on electron impact than trietazine, which in turn is more stable than chlorazine. This substituent effect is reversed, however, with ipazine, which seems to be more stable than atrazine. A reason for this phenomenon has not been found.
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-,LfH+ -H2
XfH+ -CH, -H) -(R3 -H):l6%. For the protonation in the gas phase, the negative enthalpy of the reaction (-dH") is defined as the proton affinity (PA) of the molecule. The enthalpy for the reaction CH$ + M -+ MH' + CH4 then equals the difference in the proton affinities of the sample and the reagent gas molecules: .4H" = PA(CH*) -PA(M). The degree of fragmentation of protonated molecular ions MH+ can generally be correlated with the amount of the ener_gy exchanged in the protonation reaction (AH') and hence with the proton affinities of the sample and the reagent gas molecules. Table VII shows that 2-chloro-s-triazines fragment much more easily than the methoxy and thiomethyl derivatives. The conclusion that the PA of the triazines decreases in the order Cl > OCH, > SCH, is, however, false. The proton affinities are proportional to the gas-phase basicitiesZ6*". Although they are infiuenced by solvent effects, the solution phase basicities (pK, values) show a different order: OCHj > SCH, > Cl. The PA data available for RCl, ROCH3 and RSCH3 compounds are analogous to the order of the solution-phase basicities" (see also Table  XI) . Another possible conclusion, that fragmentation of a given MH' decreases whenever reactant gases with higher PA are applied, is correct, as can be seen, e.g., for the methane (Tables VII and VIII) and isobutane (Tables IX and X) CI mass spectra [PA(CH,) = 129 kcal/mol; PA(i-C,H,,) = 195 kcal/mol]. Other factors govern the fragmentation mechanism. FieldZg has already suggested that the leaving ability of a group R from a given compound M is inversely proportional to the proton afinity of RH. This has been confirmed for a series of cyclohexyl derivatives30 and for series of substituted 1,4-oxathiins and derivatives31_
The follo\ving rationale is proposed for the fragmentation of the triazines under CI (methane) conditions, by analogy with the cited reports. Protonation takes place preferentially on the alkylamino groups (the PA of HzNR is very high: Table XI), or possibly on the triazine-ring nitrogen atoms. Hydrogen rearrangements may occur in protonated molecular ions before decomposition occurs30. The loss of a neutral molecule R,H from MH' may then occur. The importance of this fragmentation (Table VII) is indeed inversely correlated Lvith the proton affinity of the departing R,H molecule (Table Xl) . The electron-releasing inductive effect of alkyl groups is proportional to the proton affinity of the nitrogen atom attached to themZ6. This explains the abundance of the ions MH+ -(R3 -H) in the case of tert.-butylamino derivatives.
CI mass spectra, obtained with isobutane as reagent gas, are. listed in Tables IX and X. Ions MH+ are the base peaks in all of the spectra. Adduct ions and fragment ions contribute relatively little to the total ion current. Apart from M+=, the only fragment ions of importance correspond to the loss of isobutene from MH+ in the spectra of terr.-butyl derivatives. Remarkable, but not yet understood, is the loss of (R, -H) from MH+, especially with chlorotriazines.
